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Abstract  
Planning and management needs up-to-date, easily-obtainable and accurate information on the 
spatial and social aspects of visitor behaviour in order to balance human use and impacts, and 
protection of natural resources in public parks. We used a web-based public participation GIS 
(PPGIS) approach to gather citizen data on visitor behaviour in Helsinki’s Central Park in order 
to aid collaborative spatial decision-making. The study combined smartphone GPS tracking, 
route drawing and a questionnaire to examine differences between user groups in their use of 
formal trails, off-trail behaviour and the motivations that affect it. In our sample (n=233), 
different activity types were associated with distinctive spatial patterns and potential extent of 
impacts. The density mapping and statistical analyses indicated three types of behaviour: 
predominantly on or close to formal trails (runners and cyclists), spatially concentrated off-trail 
behaviour confined to a few informal paths (mountain bikers), and dispersed off-trail use pattern 
(walkers and dog walkers). Across all user groups, off-trail behaviour was mainly motivated by 
positive attraction towards the environment such as scenic view, exploration, and viewing flora 
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and fauna. Study findings lead to several management recommendations that were presented to 
city officials. These include reducing dispersion and the spatial extent of trampling impacts by 
encouraging use of a limited number of well-established informal paths away from sensitive 
vegetation and protected habitats.  
 
Keywords: urban forest management; public participation; recreation; spatial behaviour; off-trail 
use; smartphone GPS tracking  
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Manuscript  
1. Introduction 
In many countries, forests are an essential part of the urban green infrastructure offering a wealth 
of ecosystem services that are crucial for the quality of life in modern cities (Baró et al., 2015; 
Faehnle et al., 2015; Tyrväinen et al., 2007). Urban forests are multiple-use green areas 
providing citizens with important social, health and psychological benefits. Though, intended for 
public use, they often experience heavy pressure from a variety of everyday outdoor activities 
such as dog walking, running, cycling or seeking restorative experiences (Arnberger, 2006; 
Hauru et al., 2012; Verlič et al., 2015). Such intensive recreational use may pose ecological and 
social challenges and have direct and indirect impacts on the natural resources.  
Impacts of recreational activities include soil compaction and erosion, decrease in vegetation 
cover and tree regeneration, changes in species composition and fragmentation (Ballantyne & 
Pickering, 2015b; Lehvavirta, 1999; Leung & Marion, 2000; Malmivaara, Löfstöm, & Vanha-
Majamaa, 2002). Ecological impacts that are of most concern to managers often occur in areas 
without formal trails (D’Antonio and Monz, 2016), however, it is difficult to predict where and 
when informal paths develop. Informal path systems could become significant environmental 
threats when spatially extensive, substantially impacted or located in sensitive habitats (Hamberg 
et al., 2008; Wimpey and Marion, 2011). Proliferation of informal paths may also lead to 
extensive trail-based fragmentation (Ballantyne, Gudes, & Pickering, 2014; Leung, Newburger, 
Jones, Kuhn, & Woiderski, 2011; Wimpey & Marion, 2011) and great cumulative vegetation 
loss across the whole landscape (Ballantyne and Pickering, 2015b). In order to manage 
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undesirable ecological change, it is critical to understand visitor spatial behaviour inside the area 
(Orellana et al., 2012) and the factors that affect it. 
Recreational use consists of complex behavioural, temporal and spatial patterns (Arnberger, 
2006; Wolf, Hagenloh, & Croft, 2012). Visitor needs, values, attitudes and recreational modes 
vary on an individual and group level, and change over time. However, studies that analyse 
qualitative and spatial differences among activity groups are still relatively scarce (Andkjær and 
Arvidsen, 2015). This research aims to gain such insights on visitor behaviour in urban forests, 
while using recent developments in spatial technologies and participatory approaches.   
Modern spatial technologies can provide decision-making with immediate and efficient ways to 
understand human spatial behaviour. Geographic Information Systems (GIS) and Global 
Positioning Systems (GPS) can help better plan, manage and monitor recreational use and 
impacts in a variety of natural resource applications (Beeco, Hallo, & Brownlee, 2014; de Vries 
& Goossen, 2002; Wolf, Wohlfart, Brown, & Bartolomé Lasa, 2015). At the same time, the 
increasing integration of technology in our everyday lives provides novel opportunities for 
crowd-sourced research. Recent studies demonstrated the potential of smartphones in gathering 
detailed, useful and timely information on the spatial patterns of recreational behaviour  (e.g. 
Doherty et al., 2014; Korpilo et al., 2017a; Santos et al., 2016). Moreover, the rapidly advancing 
fields of Volunteered Geographic Information (VGI) and Public Participation GIS (PPGIS) 
acknowledge citizens as valuable source of knowledge as they become more actively engaged in 
the use and production of geographic information (Brown & Reed, 2009; Brown & Kyttä, 2014; 
Feick & Roche, 2013; Goodchild, 2007).  
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This study combined VGI and PPGIS approaches to gather up-to-date data on the density, 
distribution and motivations of visitor use, all of which represent important variables to monitor 
and manage use-related impacts (Walden-Schreiner and Leung, 2013). The article presents 
empirical results from Helsinki’s Central Park where the aim was to: 1) analyse spatial behaviour 
patterns of different user groups; 2) examine the spatial distribution and motivations for off-trail 
behaviour; and 3) outline implications for planning and management.  
2. Materials and methods  
2.1 Study Area 
Central Park is a very intensively used recreational area in Helsinki, Finland, receiving around 
two million visits every year (Ilvesniemi and Saukkonen, 2015). It covers 1100 ha of land and 
stretches over 10 km in length, making it the largest single green area in the city (City of 
Helsinki Urban Facts, 2005). The 103 year-old park includes several nature protection areas and 
700 ha of mature forest that offers rich and varied nature and wildlife (City of Helsinki Urban 
Facts, 2005). The terrain is diverse including forested (e.g. coniferous forests, spruce mires, 
groves, sparsely forested rocky outcrops) and non-forested habitats (e.g. agricultural fields, river 
and stream ecosystems, community gardens, fresh meadows). The most popular activities 
include walking, cycling, running, seeking peace and quiet, exploring nature, dog walking, 
commuting, and skiing during winter (Ilvesniemi and Saukkonen, 2015).  
2.2. Data collection  
This study used a web-based PPGIS tool called ‘MyDynamicForest’ (MDF) to gather 
information on visitor spatial behavior in Helsinki’s Central Park (Fig.1). The website was 
launched in the summer of 2015 and advertised via traditional (local newspapers and radio) and 
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social media. During the data collection period of six months (June to December 2015), different 
types of spatial (GPS-tracked and drawn routes) and questionnaire data were collected. 
Participants were asked to submit their route from a recent visit in the park either in a GPS 
format or by drawing it digitally in the MDF website. Volunteers could submit a GPS route they 
had tracked using any sports tracking application on their smartphones. The aim was to make use 
of VGI data that were generated by volunteers for reasons other than research, often related to 
self-promotion or social reward e.g. to monitor personal health performance and activities, or to 
publically share data on everyday lives and experiences (Feick & Roche, 2013; Oksanen, 
Bergman, Sainio, & Westerholm, 2015). Yet, to avoid bias towards users of such technologies 
only, participants could equally draw their route over an Open Street Map basemap.  
 
Fig. 1. MyDynamicForest website interface and study area (www.mydynamicforest.fi)   
 
The MDF tool allowed for a dynamic representation of the collected spatial data by creating heat 
maps that were automatically updated after each route was added (portraying intensity of use per 
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activity type or as combined). The aim was to provide instant, understandable and evolving 
visualizations of the data to everyone in the process of knowledge co-production. Multiple route 
submissions were allowed and also used in the data analysis. For each individual route, 
participants were asked to select a main category for their recreational activity (e.g. walking, 
mountain biking, running) and answer a short questionnaire (see section 2.4).  
Ethical considerations related to using smartphone GPS tracking data (Meijles et al., 2014; 
Taczanowska et al., 2008) were carefully addressed according to guidelines by the National 
Advisory Board on Research Ethics in Finland. The study was conducted in accordance with the 
principles of informed consent (participants signed a Letter of Consent, which clarified that 
responses are anonymous and provided the terms and conditions of voluntary participation) and 
privacy protection of human subjects (avoiding possible GPS tracing of participants by analysing 
only in-situ movement). 
2.3 Spatial analysis 
All route tracks in a GPX format were imported in ArcGIS (v.10.2.1) and processed as two 
separate datasets – GPS data (line and point features) and draw data (line features). The tracks 
were grouped by activity into walking, dog walking, running, mountain biking, cycling and 
‘other’ (e.g. nordic walking, roller-skating, orienteering).  The ‘other’ tracks (in total eight) were 
excluded from the analysis as they represented recreational behaviour that may differ from the 
categorised activities, but sample sizes per activity were not sufficient for separate analyses. All 
tracks were cut to fit inside the borders of the study area in order to prevent tracing of human 
subjects to their home or work location (Korpilo et al., 2017a). Since sports tracking applications 
record spatial location of movement at approximately even time intervals (e.g. every second) 
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(Oksanen et al., 2015), error handling of the GPS point data was performed by deleting identical 
GPS fixes at the same location e.g. due to users standing still. Using visual inspection, the drawn 
tracks were cleaned by removing routes considered too coarse for the analysis (in total seven), 
e.g. when a route was represented by a single straight line stretching over a large area. The GPS 
and draw data were not integrated due to differences in spatial accuracy and level of detail 
(Korpilo et al., 2017b). The drawing of routes was used as a comparative and complementary 
dataset.  
As a first step, density mapping of the GPS and drawn tracks was conducted to serve as an 
overall estimate and visual representation of the location and intensity of use. Line data were 
used to allow for comparison between the two datasets. Following a methodology by Korpilo et 
al. (2017a), kernel density analysis was performed by calculating the density of GPS and drawn 
line features in the neighbourhood of each raster cell (10 m x 10 m raster cell size) within a 
search radius of 20 m.  
The next step was to conduct buffer analysis of the formal trail network in order to distinguish 
between GPS-tracked on-trail and off-trail spatial behaviour.  The formal trail network was 
acquired from an official topographic database provided by National Land Survey of Finland 
(scale 1:10 000). A 15 m buffer was created around all formal trails and GPS data that were 
located inside the buffer was considered as on-trail, while outside the buffer – as representative 
of off-trail behaviour (Kidd et al., 2015; Korpilo et al., 2017a) (Fig. 2). The size of the buffer was 
selected based on the maximum width (up to 5 m) of the formal trails in Central Park, up to 9 m 
average deviation of all on-trail tracks from the formal trail network (see Korpilo et al., 2017a, 
2017b), as well as a 5-10 m typical GPS location accuracy of smartphones as indicated by 
previous studies (Hess et al., 2012; Menard et al., 2011; Zandbergen, 2009).  
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Fig. 2. An example of typical running and mountain biking GPS tracks in relation to the 15 m 
formal trail buffer. The map illustrates concentration of the two activities on a shared off-trail 
route.  
 
The spatial distribution of use on formal trails and informal paths was then assessed through 
lineal extent metrics by calculating the total length of off-trail and on-trail GPS line features. 
Two approaches were used to further examine the spatial extent of off-trail use. The first 
investigated how far visitors dispersed away from formal trails into off-trail areas, which 
presents an indication for the potential extent of impacts per unit area (D’Antonio and Monz, 
2016; Kidd et al., 2015). Using Proximity Analysis, the mean distance of off-trail GPS points to 
the edge of the 15 m buffered formal trails was calculated for each recreational activity. The 
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second measure included assessing the overall directional distribution of off-trail use at the park 
scale. The Directional Distribution tool uses Euclidean (i.e. straight line) distances and a median 
center point to create a standard deviation ellipse, providing a visual indicator of the dispersion 
and direction of use (D’Antonio and Monz, 2016; Hallo et al., 2012; Kidd et al., 2015). Here 
distance of the off-trail GPS points to the centroid of the points was calculated based on one 
standard deviation, with the resulting ellipses portraying 68% of all GPS points. Comparing the 
size, location and orientation of the directional ellipses allows for analysing differences in 
distributional trends of off-trail use between recreational groups.  
2.4 Questionnaire design and analysis 
A questionnaire was used to complement the spatial mapping and provide social information 
behind the digital routes (see online supplementary material). The first section of the 
questionnaire focused on the socio-demographic background of participants (age, gender, 
education, occupation) and their frequency of visits. The second section included questions 
related to the submitted route: type of activity, the use of formal trails and informal paths, and 
motivations for going off-trail. Participants were asked which formal trails they used and 
whether they left them to use smaller paths or areas without any existing paths in the forest. The 
questionnaire included 14 different pre-defined motivations that were based on a typology for 
off-trail behaviour in national parks proposed by Wimpey & Marion (2011). Reasons for leaving 
the formal trails were generally related to:  1) attraction: visitors are attracted to physical 
features of the environment, e.g. to view/study interesting animals and plants, enjoy a scenery, or 
follow an informal path; 2) exploration: to explore unknown and interesting areas; 3) avoidance: 
the presence of undesirable conditions on the formal trails (e.g. barriers, conflict with other 
users) drive visitors into off-trail areas; 4) shortcut: reducing route time or getting access 
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between trails; 5) routine: following a usual route; and 6) practical reasons such as way-finding 
when getting lost or using the forest as toilet. Participants could additionally suggest other 
motivations using a free-form text. If multiple reasons were given, respondents were asked to 
rank them according to importance. The last question was open-ended and devoted to general 
comments, e.g. on personal experiences or forest management practices.   
The questionnaire data were first analysed to study forest users’ socio-demographics and activity 
(type and frequency of use). Statistical analysis in R version 3.2.2 (R Core Team 2015) was then 
performed to determine whether these characteristics influence route choice. Probability of off-
trail use was modelled as a response (binomial error distribution) using a generalised linear 
mixed model (GLMM, function glmer in the lme4 package) (Bates et al., 2015). Age, gender, 
frequency of use, and activity type were included as predictors. In order to investigate the role of 
the variables in the model, i.e. whether activity type is a mediator of the background variable 
effects, the same GLMM analysis was performed, but excluding the variable specifying activity 
type (only age, gender and frequency of use were included as predictors).  
Further, the motivations for getting into off-trail areas were examined. Content analysis of the 
‘other’ free-form motivations was performed double-blind by two researchers and frequencies of 
mentions counted. Then, all reasons for off-trail behaviour (pre-defined and free-form) were 
categorised. The most frequent and most frequent primary reasons, as well as the mean number 
of motivations were calculated and descriptive statistics were given per recreational group.  
3. Results 
There were 233 participants in the study (45 of which submitted multiple tracks) providing in 
total 366 tracks (139 GPS and 227 drawn tracks) and 340 questionnaire responses related to 
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summer and autumn use in Central Park. The GPS data included predominantly running (40%), 
cycling (31%) and mountain biking (22%), with very little contribution by walkers (3%) and dog 
walkers (4%). Participants tracked their routes using 12 different sports tracking applications: 
e.g. Sports Tracker, Endomondo, Strava, HeiaHeia, Garmin, Runkeeper, Suunto Movescount, 
Attackpoint, Cycle Tracks. The draw-on-the-map tool gathered data on similar activities: cycling 
(32%), running (29%), walking (20%), and dog walking (17%), however, mountain bikers 
contributed to only 3% of the draw dataset.  
Overall, 54% of participants were male and 46% female, and the majority (64%) were in the 25-
44 age group. About half (44%) were highly educated (Master’s degree or higher) and frequent 
park users with 46% visiting the park 2-5 times a week and 70% visiting at least once a week. 
The representativeness of the sample as regards background characteristics was satisfactory 
compared to the age and gender structure of the base population (Statistics Finland, 2015) and 
previous visitor surveys conducted in Central Park (Ilvesniemi and Saukkonen, 2015), although 
the younger age group (under 44) was slightly over-represented. GPS users were biased towards 
middle-aged men: 72% of the contributors were male and 46% in the age group 35-44. The draw 
dataset portrayed a more equal gender and age distribution: 47% male and 53% female, 35% in 
the 25-34 age group, 26%:35-44 and 21%:45-54 age group.  
3.1 Spatial patterns of use 
The density maps depicted concentration of visitor use in the southern part of Central Park (Fig. 
3). The running and cycling GPS tracks portrayed predominant on-trail behaviour (Fig. 3 A and 
B) (a similar pattern was shown by the density of drawn routes), while mountain bikers’ GPS 
data revealed abundant off-trail use, which was concentrated on a few main informal paths (Fig. 
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3 C). Some of these informal paths were also used by runners, indicating spatial overlap between 
the two activities (Fig. 2). The walking and dog walking drawn routes showed a more dispersed 
use pattern compared to the other recreational groups, and often distributed outside the formal 
trail network (Fig. 3 D and E). 
 
 
Fig. 3. Kernel density analysis (line density m/km²) of visitor use in Helsinki’s Central Park.  
Top maps represent density of: (A) running (n=56), (B) cycling (n=43), and (C) mountain biking 
GPS tracks (n=30); and bottom: (D) walking (n=45) and (E) dog walking (n=38) drawn tracks.  
 
Consistent with the density mapping, the results of the lineal extent calculations showed that 
runners and cyclists tend to follow the formal trails with only 13% of the GPS tracks located 
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outside the formal trail network (Table 1). As for mountain bikers, 38% of their GPS tracks were 
off-trail, contributing to 66% of all observed off-trail use in the park.  
Table 1  
Spatial distribution of GPS-tracked visitor use per activity type in relation to the formal trail 
network.  
*Lineal extent refers to the sum of lengths of on-trail/off-trail GPS tracks.  
Activity 
type 
On-trail use 
(%) 
Off-trail use 
(%) 
On-trail 
lineal extent 
(km)* 
% of 
overall on-
trail use 
Off-trail 
lineal extent 
(km)* 
% of 
overall off-
trail use 
Mountain 
biking 62.5 37.5 229.3 32.9 137.3 66.1 
Running 86.7 13.3 337.3 48.5 51.6 24.8 
Cycling 87.2 12.8 129.3 18.6 19.0 9.1 
 
 
In addition, mountain bikers dispersed the furthest from the 15 m buffered formal trails, riding an 
average of 27 m from the trails’ edges. Runners dispersed an average of 17 m and cyclists – 8 m 
from the formal trail network (Table 2).   
Table 2  
Dispersion of GPS-tracked off-trail use per activity type  
Activity type 
n off-trail 
GPS points 
Mean distance 
from formal 
trails (m) 
Off-trail 
directional ellipse 
area (km²)  
Mountain biking 26906 27.4 5.09 
Running 11494 16.9 7.70 
Cycling 1914 7.6 8.10 
 
At the same time, the directional ellipses indicated a different off-trail dispersion pattern at the 
park scale (Fig. 4). Shape and orientation of the ellipses were visually similar, following the park 
shape in the south-north direction, however, their location and sizes varied. Mountain biking 
GPS off-trail points were clustered in the center of the study area with fewer observations 
towards the periphery. The total area of the ellipse was the smallest despite the high number of 
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off-trail observations, indicating that at the landscape scale, this activity is more condensed 
compared to running and cycling (Table 2). Runners’ off-trail GPS points were mostly located in 
the southern and northern parts of the park, while off-trail cycling occurred in very close 
proximity to formal trails, but it was widely spread across the landscape despite the low number 
of observations.  
 
 
Fig. 4. Distribution trends of (from left to right) mountain biking, running and cycling off-trail 
use represented by directional distribution ellipses. Dot density is based on count values of off-
trail GPS points over a 1 km grid; 1 dot = 50 off-trail GPS points (mt biking and running), 1 dot 
= 20 off-trail GPS points (cycling) 
 
3.2 Social factors affecting off-trail behaviour  
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Off-trail movement was reported as part of 38% of all routes. Results from the GLMM analysis 
indicated that age, gender and frequency of use had no statistically significant effect on the 
probability of off-trail use (Table 3). Yet, a strong statistically significant effect was found for 
activity type, with mountain bikers being most likely to leave the formal trails, followed by dog 
walkers, walkers, runners and cyclists respectively. These results did not change when excluding 
activity type from the GLMM analysis. 
Table 3  
Generalised linear mixed model coefficients for probability of off-trail use with standard 
deviation (SD) errors and p values 
* The intercept consists of gender = female, age group = 18-24, frequency of use = once a month 
or less, activity = cycling 
  Coefficient SD error p 
Intercept * -3.021 1.322 0.022 
Gender  
   Male  0.301 0.326 0.357 
Age group  
   25-34  1.452 1.173 0.216 
35-44  2.137 1.186 0.072 
45-54 1.503 1.203 0.212 
55-64 2.287 1.280 0.074 
65-74  1.907 1.374 0.165 
Frequency of use 
   2-3 times a month  -1.040 0.936 0.267 
once a week -1.326 0.852 0.120 
2-5 times a week  -0.624 0.771 0.419 
once a day -0.702 0.934 0.452 
more than one time per day  -0.713 0.856 0.405 
Activity  
   Mountain biking 4.654 1.119 <.001 
Dog waking  2.595 0.533 <.001 
Walking 2.120 0.507 <.001 
Running  1.295 0.399 <.001 
 
Many respondents (64%) reported multiple motivations for going into areas without formal 
trails. The motivations were classified into 15 categories based on the pre-defined and free-form 
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responses (Table 4). The most common motivations for off-trail use across all groups included 
scenic view (16%), using an existing informal path (13%), exploration (11%), and viewing flora 
and fauna (10%). The analysis of respondents’ frequent (Table 4) and primary motivations 
(Table 5) indicated that mountain bikers’ off-trail behaviour was mostly motivated by attraction 
to informal paths and other biophysical features, whereas cyclists mentioned scenic view, 
exploration and practical reasons more often than any other group.  Most prevalent motivations 
among runners included attraction to informal paths, scenic view, exploration and shortcut. 
Taking shortcuts was also frequently mentioned by walkers, however, they were mostly 
interested in a scenic view. Dog owners were predominantly driven to off-trail areas by the 
activity itself i.e. simply to take their dog for a walk inside the forest. Dog walkers also stated to 
follow routine routes and avoid interactions with others. 
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Table 4  
Motivations for off-trail behaviour in Central Park based on pre-defined questionnaire statements 
and free-form responses. Motivations are presented as percentage of the total number of 
motivations per recreational group (including multiple responses).  
* Overall proportion (%) of a motivation across all responses.  
Motivations Description  Mountain 
biking  
Dog 
walking  
Walking  Running  Cycling  All * 
Pre-defined         
Scenic view  To get to a scenic 
view/interesting area  
18.6 8.9 19.0 14.0 20.7 15.8 
Informal path There was a small interesting 
path created by others  
20.3 5.4 12.1 17.5 6.9 13.1 
Exploration To explore the environment 10.2 7.1 12.1 10.5 20.7 11.2 
Flora/fauna To view flora/fauna 8.5 10.7 12.1 7.0 10.3 9.7 
Biophysical 
feature 
To go to an interesting 
feature (e.g. hill/stone/fallen 
tree/water body) 
18.6 5.4 5.2 5.3 3.4 8.1 
Routine To take a usual route  6.8 12.5 6.9 7.0 0.0 7.3 
Shortcut To take a shortcut 0.0 7.1 13.8 10.5 3.4 7.3 
Dog walk To lead/follow the dog  0.0 25.0 1.7 0.0 0.0 5.8 
Avoiding 
others 
To avoid other people/dogs 3.4 12.5 5.2 1.8 0.0 5.0 
Path surface To avoid poor 
surface/obstacle  
5.1 5.4 1.7 3.5 10.3 4.6 
Practical Accidentally due to getting 
lost; toilet break 
0.0 0.0 0.0 7.0 13.8 3.1 
Plant picking To pick flowers/plants/ 
mushroom/berries  
0.0 0.0 3.4 3.5 6.9 2.3 
Other               
Activity Off-trail dependent activities 
(e.g. geocaching) 
3.4 0.0 1.7 8.8 0.0 3.1 
Variation  To provide variation in the 
trails/activity 
3.4 0.0 3.4 1.8 3.4 2.3 
Emotions Feelings of fun/joy/real 
forest 
1.7 0.0 1.7 1.8 0.0 1.2 
Total n   59 56 58 57 29 259 
 
In addition, when comparing self-reported off-trail behaviour between recreational groups, 
positive relationship between several parameters could be observed (Table 5). The higher the 
statistical probability (based on activity type) to engage in off-trail behaviour (Table 3), the 
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higher were the percentage of self-reported off-trail use and the mean number of motivations, the 
latter with a change in order between running and cycling (Table 5).  
Table 5  
Description of off-trail use by activity type based on self-reported behaviour in the questionnaire. 
The activities are ordered by statistically significant effect on the probability of off-trail use 
(highest to lowest) based on results from the GLMM analysis (Table 3). 
* Self-reported off-trail use refers to the share of tracks reported to include off-trail movement.  
Activity type Self-reported off-
trail use (%)* 
Mean n 
motivations  
Most frequent 
motivation 
Most frequent primary 
motivation 
Mountain 
biking 
90.0 3.3 informal path informal path 
Dog walking 61.8 2.7 dog walk dog walk 
Walking 56.4 2.6 scenic view scenic view 
Running 36.0 1.9 informal path scenic view/shortcut 
Cycling 14.3 2.0 scenic view/exploration exploration 
 
4. Discussion  
4.1 Differences in spatial patterns of visitor use 
The density mapping and statistical analyses indicated three distinctive patterns of visitor 
behaviour in Central Park: predominantly on or close to formal trails (runners and cyclists), 
spatially concentrated off-trail use confined to a few informal paths (mountain bikers), and 
dispersed off-trail use pattern (walkers and dog walkers). Further, our findings pointed out that 
the spatial extent of off-trail use and impacts may vary at different scales (site and landscape 
level) according to the activity type. Understanding these differences can help facilitate multi-
scale decision-making that is context and user group specific.  
Mountain bikers contributed to 66% of all GPS-tracked off-trail use in the park, yet, they 
portrayed the most spatially confined behaviour among all user groups. Mountain bikers showed 
the highest statistical probability to leave the formal trails and travelled the furthest away from 
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them (on average 27 m), mainly motivated to reach and follow already existing informal paths.  
In addition, there was high concentration of off-trail mounting biking in the central part of the 
study area (see Fig. 5). Since this activity group portrays spatial and social preference towards 
specific routes, simple indirect management techniques, such as providing guide maps (online 
and on-site) and trail signage, could be implemented to further encourage the use of self-
established trails. However, management strategies should adequately consider environmental 
characteristics and sensitivity to trampling since mountain biking could lead to path widening 
and heavy wear on the forest floor vegetation on intensively used trails (Korpilo et al., 2017a). 
While these impacts may vary depending on e.g. riding style and site-specific ecological 
conditions, it has been shown that mountain biking can lead to significant vegetation loss due to 
the creation and self-modification of informal paths (Newsome and Davies, 2009). An effective 
and easy-to-use mapping technique like smartphone GPS tracking can help determine and 
monitor emerging and changing informal use, and inform proactive management where impacts 
occur (Korpilo et al., 2017a).  
Runners in turn, dispersed on average 17 m from the designated trails and widely across the park 
as a whole. Gobster (2005), and Wolf and Wohfart (2014), who studied the use of urban trails in 
Chicago, USA, and formal recreational trails in two national parks in Australia, found that 
runners were mostly health-motivated and regularly used the same trails rather than diversifying 
their route choices. In this study, runners displayed a varied spatial behaviour pattern and stated 
diversity of reasons for going off-trail including leisure-oriented (scenic view, exploring the 
environment) and utilitarian motivations (shortcuts). 
Cyclists mostly stayed on or in very close proximity to formal trails (on average within 8 m from 
the trail’s edge). Only 13% of the cycling GPS tracks were located outside the formal trail 
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network, however, their distribution was widespread across the landscape and exhibited no clear 
spatial pattern. This random ‘stepping off’ from formal trails at various locations could be 
explained by cyclists’ reported desire to explore the environment, reach a scenic view or view 
flora and fauna. In general, it may be challenging and even undesirable for managers to restrain 
visitor desire to ‘roam’ in public parks. Instead, providing explicit information on why it is 
important to stay on paths (Park et al., 2008), in combination with strategically placing and 
allowing natural barriers (e.g. fallen logs and thickets) (Coppes and Braunisch, 2013; Hauru et 
al., 2012; Lehvavirta, 1999) to limit ‘stepping off’ behaviour, could be an effective practice at 
sites where recreation-related damage is not acceptable. 
An important limitation in this study is that the actual spatial behaviour of walkers and dog 
walkers could not be analysed due to insufficient GPS data. Although the drawn routes represent 
recalled use and are less accurate and detailed than the GPS tracks (Korpilo et al., 2017b), they 
still offer valuable insights on overall spatial patterns and concentration of use. In the case of 
walkers and dog walkers, the draw data pointed out important clues to managers as regards the 
most intensively used areas. The density analysis also suggested a dispersed off-trail use pattern 
for these user groups. Further research targeting dispersed activities is needed since their impacts 
across the whole landscape may be more damaging than the severe but localised impacts of 
concentrated off-trail use (e.g. that of mountain bikers) (Ballantyne et al., 2014). It should be 
recognized that in areas with restrictions on off-trail use, a bias towards socially acceptable 
behaviour in the self-reported dataset may occur. However, Central Park is a public urban forest 
and off-trail use is not restricted or disapproved in any way, neither are there any sanctions for 
such behaviour, therefore, we do not anticipate a significant bias in this study. 
4.2 What motivates off-trail use in urban forests?  
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Off-trail use is a key component of recreational behaviour in Helsinki’s Central Park as around 
one fourth of the GPS tracks were distributed outside the formal trail network and 38% of all 
visitor tracks (GPS and drawn) were reported by respondents as containing off-trail movement. 
Similar to findings by Park et al. (2008) for walking off-trail in national parks, we found that 
demographics of visitors (age and gender) were not significant factors affecting off-trail 
behaviour, and neither was the frequency of use. Although background characteristics (age and 
gender) may generally influence the choice of recreational activity, in our study, activity type did 
not play a role as a mediator of the background variable effect and in fact, it was the strongest 
and only statistically significant factor associated with the use of informal paths. This indicates 
that the type of activity greatly impacts off-trail behaviour leading to e.g. differences in the 
spatial range of dispersion (Walden-Schreiner and Leung, 2013) or the spatial arrangement of 
informal trails (i.e. trails used for particular activities and motives) (Wimpey and Marion, 2011).  
Another important factor is motivation. Many respondents (64%) reported multiple motivations 
for off-trail use and the number of motivations and probability of leaving the formal trails were 
positively associated at the activity group level. This shows that informal paths are created and 
used for multiple reasons that vary on an individual  (Wimpey and Marion, 2011) and user group 
level. While it may be unfeasible to integrate the whole range of visitor motivations and demands 
(which may be often conflicting), knowledge about main motivational patterns could be of great 
benefit to planners and managers. Based on the results of this study, we identify several 
motivational patterns of visitor behaviour in urban forests: attraction towards the environment 
(here being the strongest), informal paths as pull factors, utilitarian, and avoidance behaviour 
(here low).  
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As in previous studies (Hockett et al., 2010; Park et al., 2008; Wimpey and Marion, 2011), 
scenic view, exploration, flora and fauna, and biophysical features as main motivations for off-
trail movement in Central Park imply that most of the diversions from formal trails are due to 
visitors wanting to experience nature. Therefore, management should involve users to design 
interventions with minimal disturbance to the naturalness and scenery of the area.  
Taking a shortcut and following a routine route were also frequent motivations for off-trail 
movement (14.6 % of responses). This suggests that off-trail behaviour in urban forests is also 
influenced by utilitarian reasons such as using informal paths for the daily walking of a dog or 
commuting (Gobster, 2005; Shafer et al., 2000). It is important to recognise utilitarian activities 
as the management implications may be very different from other types of use. For example, 
shortcuts are often created to provide access between formal trails or to avoid poor surface (e.g. 
muddy features or moist vegetation). Implementing subtle re-surfacing on and between popular 
trails (e.g. by placing duckboards) could facilitate their usage, limit path widening and lessen the 
spatial dispersion of trampling impacts.  
In Central Park, many off-trail users were attracted to already existing informal paths (13.1% of 
responses), especially mountain bikers (20.3 %) and runners (17.5%). This supports past research 
showing that probability for leaving the formal trails increases significantly when informal paths 
are already available (Coppes and Braunisch, 2013; Hockett et al., 2010), and the more they are 
used, the more visible and potentially attractive they become to different user groups (Brooks 
and Titre, 2003; Wimpey and Marion, 2011).   
In general, there was a relatively low avoidance pattern among recreational users in this study 
(5% of responses) compared to e.g. Arnberger (2012) who examined the increased use of 
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Wienerberg recreational area in Vienna, Austria, and found that approximately one third of the 
visitors changed their routes within the green area to avoid crowding. Although the yearly 
number of visitors in both recreational areas is relatively similar, the size of our study site is 
approximately ten times bigger than Arnberger’s study site in Vienna, which may be an 
explanation for the currently low need for avoidance behaviour among park visitors.  However, 
dog walkers stated to avoid others probably due to perceived negative outcomes of interactions 
with other users. The lower crowding tolerance of this group may mean that they are more 
sensitive to increase in use levels (Arnberger and Haider, 2005; Wolf and Wohlfart, 2014) and in 
areas with high density of use, they could possibly disperse more.  
This study focused on the social factors that affect off-trail behaviour. Future research could 
investigate whether and how different environmental features e.g. topography, vegetation and 
recreational infrastructure (see Coppes and Braunisch, 2013) influence off-trail use. In addition, 
qualitative methods such as in-depth interviews could be used to target specific user groups and 
gain deeper understanding of their motivations, behaviour and possible conflicts. 
4.3 Managing visitor spatial behaviour in off-trail areas 
Helsinki’s Central Park exemplifies the need to monitor the spatial extent of off-trail impacts in 
urban forests, and, especially in sensitive or protected habitats, to take measures to limit these 
impacts (Ballantyne and Pickering, 2015a; Lehvävirta et al., 2014). Based on this study and 
previous ecological findings, we offer several practical recommendations for managing visitor 
spatial behaviour in off-trail areas: 
(1) Develop methods for encouraging use of a limited number of existing well-established 
informal paths in order to minimise cumulative spatial impacts in areas with high 
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ecological value (Ballantyne and Pickering, 2015b). As ecological impacts can extend 
several meters away from the paths (Hamberg et al., 2008), and as there are users that 
seek for peace and privacy, we advise managers to determine a range of acceptable path 
density that is context-specific. Subtle management interventions should be implemented 
to limit path widening and dispersion of use where this range is exceeded. 
(2) Continuously use participatory techniques in order to reconcile resource conservation and 
high demand for quality nature experiences of visitors. For example, mountain bikers’ 
off-trail GPS tracks could be used as an accurate spatial foundation for planning and 
formalization of routes to meet mountain bikers’ needs. Effective planning of mountain 
biking trails will integrate environmental sensitivity and co-design, incorporating users’ 
preferences, expectations and local knowledge (Goeft and Alder, 2001). However, 
managers should also consider the multiple-use and multiple-motivation of informal 
paths. This is important as increased use levels of different activities at the same spatial 
and temporal scales could potentially induce conflicts (Santos et al., 2016). Involving 
users at an early stage can reduce or prevent incompatible uses and lead to better 
planning and management outcomes (Moore, 1994; Newsome and Davies, 2009).  
(3) Investigate the effect of new strategies on visitor spatial behaviour (e.g. whether 
designating mountain biking trails via co-design would lead to more spatially 
concentrated use) and refine practices based on those findings as part of adaptive 
management.  
At the time of writing this article, the above issues were being addressed by Helsinki City 
officials as part of the new nature management plan for Central Park.  
5. Conclusions 
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This study used a web-based PPGIS tool called MyDynamicForest that combined smartphone 
GPS tracking, route drawing and a questionnaire to gather rich and versatile citizen information 
for planning and management purposes. The data were easy to acquire and offered sufficient 
detail for a range of analyses such as exploring overall spatial patterns of different user groups 
and examining off-trail behaviour - its spatial distribution and the social factors that affect it.  
Although the utilization of VGI and PPGIS in research can pose challenges related to data 
heterogeneity, spatial accuracy and difficulties in assessing data quality (Brovelli et al., 2016; 
Brown et al., 2014), such data could be highly relevant when the aim is to encourage 
collaboration between citizens and land use planners (Brown & Kyttä, 2014) or facilitate 
knowledge exchange between managers and different recreational groups. Effective 
environmental management requires understanding of the spatial and social aspects of visitor use 
in order to balance between recreational and conservation demands (Beeco and Brown, 2013; 
Cole and Daniel, 2003; Orellana et al., 2012). The use of participatory web platforms like 
MyDynamicForest could offer feasible ways to regularly collect user data at various spatial and 
temporal scales.  
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